The present study aimed to characterize the extracts prepared from Pimpinella anisum L. (anise) and Coriandrum sativum L. (coriander) (Apiaceae plants) seeds in terms of phenolic composition, and to correlate the obtained profiles with the antioxidant activity. Anise gave the highest abundance in phenolic compounds (42.09 ± 0.11 mg/g extract), mainly flavonoids (28.08 ± 0.17 mg/g extract) and phenolic acids (14.01 ± 0.06 mg/g extract), and also the highest antioxidant potential, measured by the ability to inhibit lipid peroxidation and ␤-carotene bleaching, the reducing power and the free radical scavenging activity. Apigenin and luteolin derivatives, as also caffeoylquinic acid derivatives seem to be directly related with the higher in vitro antioxidant potential of the anise extract. In contrast, the lower antioxidant potential of coriander seems to be due to its lower abundance in phenolic compounds (2.24 ± 0.01 mg/g extract).
Introduction
Botanical preparations are widely used for multiple purposes (Halberstein, 2005; Petrovska, 2012) . Commonly used by primitive societies due to its psychotherapeutic, organoleptic, preservative, mystic and mainly medicinal properties, currently, several studies have described the healing potential of different plant extracts and phytochemicals (Jachak and Saklani, 2007; Nasri et al., 2014; Rubió et al., 2013) .
Coriandrum sativum L. (coriander) and Pimpinella anisum L. (anise) are two plant species that belong to the Apiaceae family, which are widely used for their medicinal and culinary properties, but also cosmetic and other industrial applications. Nebulized extracts, infusions, essential oils and other preparations, obtained from coriander fruits/seeds, are frequently used as digestive, carminative, antispasmodic, hypoglycemic, hypolipidemic, diuretic, anti-inflammatory and antimicrobial agents (Dhanapakiam et al., 2008; Nadeem et al., 2013; Pathak et al., 2011) . Otherwise, fruits/seeds of anise are commonly recommended as antioxidant, antiseptic, antimicrobial, aperitif, digestive, antispasmodic (in respiratory and gastrointestinal tracts), expectorant, galactogogue, plant (Dias et al., 2011; de Almeida Melo et al., 2003; Sreelatha and Inbavalli, 2012; Sulaiman et al., 2011; Wangensteen et al., 2004) , as also of its essential oils (Neffati et al., 2011; Prakash et al., 2012) . However, only a few describe the antioxidant activity of anise extracts, namely derived from the whole plant (Albayrak et al., 2012) , seeds (Al-Ismail and Aburjai, 2004; Gülç ın et al., 2003) and roots (Andarwulan and Shetty, 1999) , as also of its essential oil (Dawidar et al., 2008; Kačániová et al., 2014; Kiralan et al., 2012; Topal et al., 2008) . Increasing evidences have shown that phenolic compounds from plant origin significantly determine its antioxidant potential, being promoters of wellbeing and life expectancy of individuals (Ergin et al., 2013; Fernandez-Panchon et al., 2008; Li et al., 2014) . Regarding coriander, the determination and quantification of different classes of phenolic compounds, was previously described for the whole plant (Ramkissoon et al., 2013; Sulaiman et al., 2011) , vegetative parts (Barros et al., 2012) , leaves and stems (Sreelatha and Inbavalli, 2012; Tang et al., 2013) , leaves and seeds (Wangensteen et al., 2004) , fruits (Barros et al., 2012; Kunzemann and Herrmann, 1977; Msaada et al., 2013; Neffati et al., 2011) , roots (Tang et al., 2013) , and also leaves and shoots (de Almeida Melo et al., 2005) . Nonetheless, a few reports describe the phenolic profile of anise, namely in the seeds (Marques and Farah, 2009) , fruits, leaves (Kunzemann and Herrmann, 1977) , roots Shetty, 1999, 2000) , and whole plant (Albayrak et al., 2012) .
Despite the existence of all the mentioned studies, the majority failed on detailed phenolic characterization. Therefore, the aim of the present study was to characterize coriander and anise seeds in terms of phenolic compounds, correlating these phytochemicals with the antioxidant activity of the plants' extracts.
Materials and methods

Samples
Coriandrum sativum L. (coriander) and Pimpinella anisum L. (anise) seeds, previously dried and collected in July-August 2012, were supplied by Soria Natural (Garray-Soria, Spain). Both samples were clean products, with monitored parameters of pesticides, herbicides, heavy metals and radioactivity.
Standards and reagents
Methanol was of analytical grade purity and supplied by Pronalab (Lisbon, Portugal). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa Aesar (Ward Hill, MA, USA). HPLC-grade acetonitrile was obtained from Merck KgaA (Darmstadt, Germany). Formic and acetic acids were purchased from Prolabo (VWR International, France). Phenolic standards (apigenin 7-O-glucoside, apigenin-6-C-glucoside, caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid, hesperetin, quercetin-3-O-rutinoside, luteolin-7-O-glicuside and luteolin-6-C-glucoside) were from Extrasynthese (Genay, France). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), TBA (thiobarbituric acid) and ␤-carotene were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Water was treated in a Milli-Q water purification system (TGI Pure Water Systems, Greenville, SC, USA).
Preparation of the hydromethanolic extracts
Anise and coriander hydromethanolic extracts preparation was performed through a maceration of each plant material (1 g) with 30 mL of methanol: water (80:20, v/v) at 25 • C and 150 rpm, during 1 h. Then, both mixtures were filtered through Whatman No. 4 paper and the residue of each plant was once again extracted with one additional portion (30 mL) of the hydromethanolic mixture. The extracts of each plant were concentrated at 35 • C under reduced pressure (rotary evaporator Büchi R-210, Flawil, Switzerland) and then lyophilized (FreeZone 4.5, Labconco, Kansas City, MO, USA).
The lyophilized extracts of both plants were re-dissolved in water to obtain two stock solutions (20 mg/mL), from which serial dilutions were made in order to determine the antioxidant potential.
Analysis of phenolic compounds
The extracts at a concentration of 5 mg/mL, were analysed using a Hewlett-Packard 1100 chromatograph (Hewlett-Packard 1100, Agilent Technologies, Santa Clara, CA, US) with a quaternary pump and a diode array detector (DAD) coupled to an HP Chem Station (rev. A.05.04) data-processing station. A Waters Spherisorb S3 ODS-2C 18 , (3 m, 4.6 mm × 150 mm) column thermostatted at 35 • C was used and injection volume of 100 L. The solvents used were: (A) 0.1% formic acid in water, (B) acetonitrile. The elution gradient established was isocratic 15% B for 5 min, 15-20% B over 5 min, 20-25% B over 10 min, 25-35% B over 10 min, 35-50% B for 10 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280 and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to HPLC system via the DAD cell outlet. MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400 • C, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupols were set at unit resolution. The ion spray voltage was set at −4500 V in the negative mode. The MS detector was programmed for recording in two consecutive modes: Enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to show full scan spectra, so as to obtain an overview of all of the ions in sample. Settings used were: declustering potential (DP) −450 V, entrance potential (EP) −6 V, collision energy (CE) −10 V. EPI mode was performed in order to obtain the fragmentation pattern of the parent ion(s) in the previous scan using the following parameters: DP −50 V, EP −6 V, CE −25 V, and collision energy spread (CES) 0 V. Spectra were recorded in negative ion mode between m/z 100 and 1000.
The phenolic compounds were identified by comparing their retention time, UV-vis and mass spectra with those obtained from standard compounds, when available. Otherwise, compounds were tentatively identified comparing the obtained information with available data reported in the literature. For quantitative analysis, a calibration curve for each available phenolic standard was constructed based on the UV signal: apigenin-6-C-glucoside (y = 179.52x + 116.83; R 2 = 0.999); caffeic acid (y = 359x + 488.4; R 2 = 0.997); chlorogenic acid (y = 304.25x − 248.06; R 2 = 1); p-coumaric acid (y = 706.09x + 1228; R 2 = 0.999); ferulic acid (y = 525.36x + 233.82; R 2 = 0.999); hesperitin (y = 792.22x − 76.883; R 2 = 0.999); luteolin-7-O-glucoside (y = 334.2x − 261.39; R 2 = 1); luteolin-6-C-glucoside (y = 423.95x + 91.125; R 2 = 1) and quercetin-3-O-rutinoside (y = 280.87x + 373.73; R 2 = 0.998). For the identified phenolic compounds for which a commercial standard was not available, the quantification was performed through the calibration curve of other compound from the same phenolic group. The results were expressed in mg per g of dried extract.
Evaluation of antioxidant activity
The antioxidant activity of both plant extracts was evaluated using four different in vitro assays: scavenging effects on DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals, reducing power (measured by ferricyanide Prussian blue assay), inhibitions of ␤-carotene bleaching and lipid peroxidation in brain cell homogenates by TBARS (thiobarbituric acid reactive substances) assay, as previously described (Martins et al., 2015) .
Briefly, the DPPH radical-scavenging activity was evaluated by using an ELX800 microplate Reader (Bio-Tek Instruments, Inc; Winooski, VT, USA). The percentage of DPPH discolouration was calculated using the formula: [(A DPPH -A S )/A DPPH ] × 100, where A S is the absorbance of the solution containing the sample at 515 nm, and A DPPH is the absorbance of the DPPH solution. The reducing power was accessed through the capacity to convert Fe 3+ into Fe 2+ , measuring the absorbance at 690 nm in the microplate Reader mentioned above. The inhibition of ␤-carotene bleaching was determined using the ␤-carotene/linoleate assay; the neutralization of linoleate free radicals avoids ␤-carotene bleaching, which is measured by the formula: ␤-carotene absorbance after 2 h of assay/initial absorbance) × 100. Finally, the inhibition of lipid peroxidation was achieved using porcine brain homogenates and evaluating the decrease in thiobarbituric acid reactive substances Table 1 Retention time (Rt), wavelengths of maximum absorption in the visible region ( max ), mass spectral data, identification and quantification of phenolic compounds in anise seeds (mean ± SD).
Compound
Rt ( (TBARS); malondialdehyde-thiobarbituric acid (MDA-TBA) abduct color intensity was measured by its absorbance at 532 nm and the inhibition ratio (%) calculated using the following formula: [(A-B)/A] × 100%, where A and B were the absorbance of the control and the sample solution, respectively. The results were expressed in EC 50 values (g/mL), i.e. the sample concentration that provides 50% of antioxidant activity or 0.5 of absorbance in the reducing power.
Statistical analysis
For each plant species, three samples were analyzed and all the assays were carried out in triplicate and the results were analyzed using a Student's t-test to determine the significant difference among two different samples, with ˛ = 0.05. This analysis was carried out using SPSS v. 22.0 program.
Results and discussion
Identification and quantification of phenolic compounds
Data of the retention time, max in the visible region, molecular ion, main fragment ions in MS 2 , tentative identification and concentration of phenolic acids and flavonoids in anise and coriander are presented in Tables 1 and 2 , respectively. Fig. 1 shows the phenolic profiles of both samples recorded at 370 nm.
Anise phenolic profile presented six hydroxycinnamic acid derivatives and ten flavone derivatives. 5-O-Caffeoylquinic acid (chlorogenic acid, compound 4), luteolin-6-C-glucoside (compound 7), apigenin 6-C-glucoside (compound 13), and luteolin-7-Oglucoside (compound 14) were positively identified according to their retention times, mass and UV-vis characteristics by comparison with commercial standards.
Compound 1 ([M-H] − at m/z 353) was identified as 3-Ocaffeoylquinic (neo-chlorogenic acid) based on its MS 2 fragmentation, yielding the base peak at m/z 191 and an intense ion at m/z 179, which is considered characteristic of 3-acylchlorogenic acids, as reported by Clifford et al. (2003) . Compound 3 was easily distinguished from the other two caffeoyl-quinic acids by its base peak at m/z 173 [quinic acid-H-H 2 O] − , accompanied by a secondary fragment ion at m/z 179 with approximately 86% abundance of base peak, which allowed identifying it as 4-O-caffeoylquinic acid (crypto-chlorogenic acid) according to the fragmentation pattern described by Clifford et al. (2003) . Compounds 15 and 16 ([M-H] − at m/z 515), corresponding to dicaffeoylquinic acids, were tentatively identified based on their elution order and fragmentation pattern and relative fragment ion abundances following the keys described by Clifford et al. (2003) and Clifford et al. (2005) Narváez-Cuenca et al., 2012) which was supported by the UV spectrum showing maximum wavelength at 310 nm. Nevertheless, no definite structure could be matched to the molecular ion of the compound that remains just named as a p-coumaric acid derivative. The presence of chlorogenic acids, i.e., mono-and dicaffeoylquinic acids, in Pimpinella anisum has already been reported (Marques and Farah, 2009 ), as well as that of coumaric acids (Zielinski et al., 2014) . Table 2 Retention time (Rt), wavelengths of maximum absorption in the visible region ( max ), mass spectral data, identification and quantification of phenolic compounds in coriander seeds (mean ± SD).
Compound
Rt ( Tables 1 and 2 ).
The remaining compounds corresponded to C-and O,Cglycosylated flavones and were identified according to the fragmentation patterns described by Ferreres et al., 2007 Ferreres et al., , 2008 Ferreres et al., , 2011 It was thus identified as apigenin-6-C-hexoside-7-O-hexoside. As far as we know, none of these flavone derivatives have been previously described in anise, although Zielinski et al. (2014) reported the presence of other flavonoids such as flavan-3-ols and flavonols. The phenolic profile of coriander seeds was mostly based on hydroxycinnamic acid derivatives some of them conjugated with amino acids (compounds 7 , 11 and 12 ). All of them were already described in coriander seeds previously analysed by our group (Barros et al., 2012) , with the exception of compound 8 , identified as 3,5-O-dicaffeoylquinic acid based on the same criteria as for compound 15 in anise. Furthermore, compounds 4 and 6 were identified as quercetin-3-O-rutinoside and quercetin-3-Oglucuronide, respectively, according to their retention time, UV and mass characteristics by comparison with authentic standards. Those compounds were not detected in coriander seeds in the previous study, although they were present in relevant levels in the vegetative parts (Barros et al., 2012) . Compound 15 ([M-H] − at m/z 609) was tentatively assigned as hesperetin-O-rutinoside based on its UV and mass spectra. To the best of our knowledge such a compound has not been described in coriander. Caffeoyl N-tryptophan hexoside was the most abundant compound in coriander seeds, as also found by Barros et al. (2012) . Table 3 shows the results of the antioxidant activity evaluation of anise and coriander extracts. Anise evidenced the highest antioxidant activity in all the assayed methods, although less pronounced than trolox. Similar properties were previous reported by Al-Ismail and Aburjai (2004) , that evaluated the antioxidant activity of water and alcohol extracts of anise seeds and positively correlated it with the higher abundance in phenolic compounds (expressed as total phenols). In a similar manner, Christova-Bagdassarian et al. (2013) evaluating the antioxidant potential of five different plant extracts belonging to the Apiaceae family, among them anise and coriander seeds, concluded that the most prominent bioactive potential was observed in the plant extract with the highest abundance in phenolics and flavonoids. Anise presented the highest free radical scavenging activity, directly related with its higher content in phenolics (46.17 mg GAE/100 g dw) and flavonoids (17.43 mg CE/100 g dw), in comparison with coriander: phenolics (17.04 mg GAE/100 g dw) and flavonoids (11.10 mg GAE/100 g dw). Gülç ın et al. (2003) , also described a higher activity for anise ethanolic and water extracts than to the positive control used (␣-tocopherol). Overall, in the present study, a positive correlation was also observed between phenolic constituents (mainly phenolic acids and flavone derivatives) and the antioxidant potential. Coriander extract, that showed the lowest antioxidant activity, also revealed the lowest phenolic compounds concentration, namely phenolic acids (1.94 ± 0.01 mg/g extract) and flavonoids (0.30 ± 0.01 mg/g extract).
Evaluation of the antioxidant activity
Conclusions
Despite belonging both plants to the same genera, there were differences in their chemical composition and antioxidant activity, emphasising the wide variety and heterogeneity in the active principles of plants from the same botanical family. Indeed, these Apiaceae plants are traditionally recommended for different medicinal purposes. Nevertheless, further studies are necessary to check the in vivo efficacy of the studied plant extracts, as also to deepen knowledge on the modes of action. It is also important to note that culture conditions, climatic changes, harvesting time, storage and manipulation procedures, among others, should significantly affect the composition in phytochemicals and, consequently, the biological potential. Among them, phenolic compounds act as important contributors to the antioxidant potential of natural matrices, being this clearly evidenced in the present study: anise extract provided the most prominent antioxidant effect mainly conferred by its higher abundance in phenolic compounds. So, as both plants are commonly used as food complements, mainly through infusions and condiments, their characterization could provide considerable benefits to individuals, mainly through inciting their use as healthy promoters.
